Background: Health literacy (HL) is defined as the ability to process health-related information to make decisions to maintain health and improve quality of life. A growing number of studies demonstrate that people with lower HL are less likely to use preventive services but more likely to use curative, emergency, or hospital care. Objective: This study investigated the relationship between HL and the use of different types of health services in a sample of the general German population, as we expected that the effect of HL on the frequency of use differs by type of health service. Methods: A nationally representative sample of 2,000 people in Germany was interviewed in person in 2014. Analyses of the data included frequencies of contacts with doctors, other health professionals, hospitals, and emergency services. Analysis also included a HL measure (European Health Literacy Survey Questionnaire), as well as sociodemographic and health status indicators. To test whether and how HL is related to the frequency of use of the different types of curative health services, regression analyses were performed. Key Results: Respondents with lower HL scores reported more frequent use of all four included types of curative health services. Although multiple regression analysis showed a direct significant effect of HL only on doctor (β = -.066) and other health professionals visits (β = -.103), no significant direct effect of HL on hospital and emergency services use was found when sociodemographic and health-related factors were controlled for. Conclusions: Health professionals should be aware that their patients are likely to have difficulties in understanding and processing health-related information. Interventions to strengthen HL should aim at improving health care literacy and, moreover, not only address individuals but also consider demands related to the health care system and health professionals' communication skills.
Limited HL follows a social gradient, as low educational attainment, low socioeconomic status, immigration, and increasing age are associated with limited HL in Europe (Protheroe et al., 2017; Sørensen et al., 2015) , in the United States (Ayotte, Allaire, & Bosworth, 2009; Baker et al., 2002) and in Germany (Berens, Vogt, Messer, Hurrelmann, & Schaeffer, 2016; Schaeffer et al., 2017 , Vogt, Schaeffer, Messer, Berens, & Hurrelmann, 2017 .
HEALTH LITERACY AND HEALTH OUTCOMES
Patient studies in the U.S. indicate that HL is related to health service use, health status indicators, and health behavior. People with lower functional HL are less likely to use preventive services and more likely to use and repeatedly use emergency or hospital care (Berkman, Sheridan, Donahue, Halpern, & Crotty, 2011; Cartwright, Dumenci, Cassel, Thomson, & Matsuyama, 2017; Griffey, Kennedy, D' Agostino McGowan, Goodman, & Kaphingst, 2014; Michtell, Sadikova, Jack, & Paasche-Orlow, 2012; .
The limited available empirical evidence indicates that lower HL is also linked to increased health service use in Europe (Mantwill & Schulz, 2017; Palumbo, Annarumma, Adinolfi, Musella, & Piscopo, 2016; Pelikan et al., 2012; Sørensen et al., 2015; Vandenbosch et al., 2016) . However, there are remarkable variations by type of health service and country (Sørensen et al., 2015) . Results from the HLS-EU found the overall strongest correlation between HL and frequency of doctor visits; however, a direct effect could not be demonstrated in multivariate analysis . Furthermore, lower HL has been shown to be associated with increased use of hospital services in Austria, Bulgaria, Germany, and Poland , and of emergency services, doctor, and hospital services in Italy (Palumbo et al., 2016) . In Belgium, a relationship was identified between lower HL and longer stays in general hospitals, as well as with more frequent use of day clinics, ambulance transportation, general practitioner home visits, and psychiatrist consultations (Vandenbosch et al., 2016) .
This article explores the possible association between HL and the frequency of use of different types of health services in Germany.
METHODS

Sampling, Data Collection, and Weighting
Data were used from the German Health Literacy Survey, which builds on the HLS-EU in terms of applied conceptual framework and methods Schaeffer et al., 2017) . A nationally representative sample of 2,000 respondents age 15 years or older was selected using a multistage sampling design (random route procedure). First, 258 se-lected sample points from a total of 53,000 across Germany were chosen, with each point containing about 700 households. Second, starting addresses were randomly chosen, and then every third household was selected via random-walk procedure excluding the starting address. Finally, the person with the most recent birthday was selected from each chosen household. Each household was contacted up to 4 times. Contact attempts were made on various days of the week and at different times of day.
Data were collected via computer-assisted personal interviews and a standardized, German language questionnaire in July and August 2014 by the polling agency Ipsos (Paris, France). The mean interview duration was 53 minutes. All interviewers were experienced and specifically trained in applying the questionnaire and conducting the face-to-face interviews.
To increase representativeness for age, gender, and regional variations and control for selection bias, the data were weighted using iterative proportional fitting based on the German Microcensus 2012.
Measures
Health literacy. HL was measured via the German version of the HLS-EU-Q47, a self-assessment instrument for measuring HL in a general population, which was originally developed for the HLS-EU (Sørensen et al., 2013) . The original questionnaire was prepared in English and translated by two independent professional translators into German. Furthermore, a panel with the German-speaking research team of the HLS-EU, the HLS-EU Survey Coordinator, the translators, and other relevant health professionals verified the translation (Sørensen et al., 2013) .
Respondents were asked to assess, on a scale ranging from very easy to very difficult, their perceived difficulties with tasks in regard to accessing, understanding, appraising, and applying health relevant information in the domains of health care, disease prevention, and health promotion. In total, the questionnaire is comprised of 47 items. The HL score was calculated for all respondents who answered at least 80% of the items. The index was standardized as recommended by the European Health Literacy Project using the formula in Figure 1 .
The index ranges from 0 to 50, with lower values indicating lower HL.
Health service use. Four different types of health services (doctors, hospital services, other health professionals, and emergency services) were assessed by single questions. Respondents were asked: "How many times have you been to the doctor/a patient to hospital/used services from other health professionals/used emergency services?" The type of doctor was not further specified, but it was explained that other health professionals include dentists, physiotherapists, psychologists, dieticians, or opticians. Emergency services were explained as including ambulance, after-hours clinics, and emergency departments. Occurrence of emergency service use was measured for the last 2 years and for doctors, hospital, and other health professionals for the last 12 months. Answers were categorized into the following groups: 0 times, 1 to 2 times, 3 to 5 times, and 6 times or more.
Sociodemographic indicators. Financial deprivation was calculated based on three items: First, the ability to afford to see a doctor (including transportation costs); second, the ability to pay for medication (both items measured as "It is…" very easy to very difficult on a 4-point Likert scale); and third, general problems when paying bills in the last 12 months (assessed via three possible answers: most of the time, from time to time, and almost never/never). The three items were combined based on the weighted sample using principal component analysis and regression factor scores, resulting in z-values with a mean of 0 and a standard deviation of 1. A positive factor score indicated higher self-reported financial deprivation than average, whereas a negative factor score indicated less than average financial deprivation . This allows for assessing financial deprivation compared to the average score among the study population.
Educational level was assessed using the International Standard Classification of Education (ISCED)-97 (Organisation for Economic Co-Operation and Development, 1999) . ISCED-97 classifies seven levels of educational training, including professional training. A detailed description of the levels can be found elsewhere (Schneider & Kogan, 2008) .
Migrant background was assessed by country of birth. Respondents born abroad (first generation) or with at least one parent born abroad (second generation) were characterized as having a migrant background, as in the German Microcensus (Statistisches Bundesamt, 2014) . Respondents born in Germany, and whose parents were also born in Germany, were labelled as not having a migrant background.
Health status indicators. Health status was measured by two questions from the Minimum European Health Module (Cox et al., 2009; Eurostat, 2013) : self-perceived health and presence of chronic illness. The first question of the module asks how the respondents rate their health in general, al- lowing them to answer on a 5-point Likert scale ranging from very good to very bad. The second question assesses the presence of long-standing health problems by asking the respondent if they have any chronic illness or health problem.
Ethics Approval And Consent
The study was approved by the Ethics Committee of Bielefeld University (reference number 066). The aim of the study, data collection, processing procedures, the possibility to refuse participation as well as the use of the data were explained prior to respondents giving informed consent to participate in the study. Adolescents age 15 years and older were able to give consent on their own (in accordance with established German case-law where the legal age is not relevant in the context of participation in research projects but rather is based on the adolescent's capacity of discernment).
Statistical Analyses
Data were analyzed using SPSS 23.0. Descriptive analyses were performed to characterize the study population (Tables 1 and 2) and the use of different health services in total (Table 3) . To test the association between HL and the frequency of contacts with different types of health services, (multiple) linear regression models were calculated (Table 4) . This is in line with current discussions concluding that parametric tests can be used to analyze Likert scale responses (Sullivan & Artino, 2013) . Age, gender, financial deprivation, educational attainment, migrant background, self-perceived health, and chronic illness were included in the multiple regression models as covariates.
RESULTS
The mean age of the respondents was 48.2 years. Just more than one-half of the respondents were women (51.1%, n = 1,022). HL scores could be calculated for 1,946 of the 2,000 respondents. The mean general HL score was 32.8 (standard deviation, 6.2) for the total sample. All sample characteristics are presented in Tables 1 and 2 .
Approximately 41.3% of all respondents had visited a doctor once or twice in the last 12 months ( Table 3) . Although more than one-half of the participants had consulted other health professionals once or twice, 24.1% had not visited these at all. Most respondents had not been hospitalized (80.7%), whereas 17.2% had been to the hospital once or twice in the last 12 months; 84% had not used an emergency service in the last 2 years.
In univariate regression models, the association with HL was strongest for the frequency of doctor visits (β = -.253), and slightly less for hospital (β = -.181), other health professionals (β = -0.187) and emergency service use (β = -.176) ( Table 4 ). All associations were statistically significant (p < .001).
Direct associations of HL and use of different types of health services were tested in multiple regression models, adjusting for gender, age, financial deprivation, education, migration background, self-perceived health and self-reported chronic illness ( Table 4) . Adjusting for health and sociodemographic covariates showed considerably reduced direct effects of HL on the use of the different health services. HL remained a significant independent predictor for doctor visits (β = -.066) and other health professionals (β = -.103), whereas for use of hospitals and emergency services no significant direct effect of HL could be demonstrated in the multivariate models.
Self-perceived health and self-reported chronic illness emerged as the most important predictors for frequency of use of all types of health services, with more frequent use reported among respondents with lower levels of self-perceived health or self-reported chronic illness. The effects of other covariates on the frequency of health service use varied by type of service.
DISCUSSION
The present study analyzes the association between HL and the use of different types of health services based on nationally representative survey data for Germany.
Univariate regression analyses showed that all health services included in this study are used more often by in- dividuals with lower HL scores. This is in accordance with results demonstrated in bivariate regressions (with some variation by country) in the HLS-EU, which used the same HL measure and included a sample from the German North Rhine-Westphalia region . Also, a German study among the elderly in eastern Germany reported that, adjusted for age and education, lower HL was associated with more frequent medical consultations (Tiller, Herzog, Kluttig, & Haerting, 2015) . However, these studies did not or only partly took account of important covariates, such as health status, chronic illness, or socioeconomic indicators.
Adjusting for health and sociodemographic covariates showed reduced direct effects of HL on use of health services, as expected. Yet, our findings indicate that with regard to the frequency of visits to doctors (β = -.066) and other health professionals (β = -.103), an independent direct effect of HL remains.
Whereas the HLS-EU study does not show independent effects of HL on doctor visits in multivariate models , results from Belgium support a direct association between HL and general practitioner home visits and consultations with psychiatrists (Vandenbosch et al., 2016) . Regarding the frequency of use of emergency services and hospitals, HL does not have an independent direct effect when controlling for health status and demographic and socioeconomic indicators. This is in line with findings from Belgium, which also show no relationship between HL and emergency consultations (Vandenbosch et al., 2016) . However, our results contradict findings from Italy (Palumbo et al., 2016) and the U.S. (Berkman et al. 2011; Cartwright et al., 2017; Griffey et al., 2014) , which show an independent, direct relation between HL and emergency service and hospital use.
An explanation for these differences might be that the U.S. studies (Berkman et al. 2011; Cartwright et al., 2017; Griffey et al., 2014) used different HL measures and that the Italian study (Palumbo et al., 2016) , although using the same HL measure, did not account for sociodemographic covariates (which have shown to be associated with HL) (Berens et al., 2016; Schaeffer et al., 2017; Sørensen et al., 2015) .
Another explanation might be that differences in health care systems account for differences in use. Hospitals, for example, play an important role in the German health care system. An indicator for the dominant position of hospitals and their often affiliated emergency services is the high proportion of hospital beds. In Germany there were 612 hospital beds per 100,000 inhabitants in 2012, whereas there were, on average, only 453 beds per 100,000 inhabitants in the World Health Organization European region (2018). The possible role of health care system characteristics for the frequency of use of different health services needs to be further explored.
STRENGTHS AND LIMITATIONS
Strengths of this study are its use of a multidimensional concept and measure of HL (i.e., the full version of the HLS-EU-Q47 questionnaire) and the data collection via computer-assisted personal interviews among a representative sample of the general German population. The faceto-face interview method used in the present study is more likely to enable even people with inadequate functional literacy (e.g., limited reading competences) to participate properly. Furthermore, the HLS-EU-Q-47 instrument is a subjective self-reporting tool measuring perceived HL for a wide range of competencies in dealing with health information; thus, its results do not simply reflect functional HL.
There are a number of limitations associated with the present study as well. Health service use, health status, and chronic illness (as well as all other measures, including financial situation, educational status) were self-reported, which means that answers might not correctly and precisely reflect actual use and health status.
In addition, using a self-reported HL measure could cause an inverse relationship with health service use, as patients with a higher number of contacts to health services might face more complex situations and thereby rate their HL lower. However, we tried to take this into account by including self-perceived health and selfreported chronic illness in the analyses. Because all interviews were conducted in German, migrants with poor German language proficiency were not included in the survey; therefore, the effect of migration background on use of health services might be underestimated in our study. Health service use was measured as counts of events, meaning that the hospital and emergency service variables are not normally distributed and skewed to zero, and therefore might not be adequately powered in all categories. Thus, further analyses would be needed to explore the relation between HL and health service use in more detail. In addition, our results do not allow for an evaluation of the adequacy of use (i.e., over-or underutilization) or the reasons for use (i.e., preventive) but only report on the perceived frequency as such. Previous studies indicate that people with lower HL tend to overestimate the severity of a condition and seek emergency and hospital care even for conditions that do not require such care (May et al., 2018) , that people with lower HL are likely to overuse services whereas people with high HL might underuse services (Mantwill & Schulz, 2017) , and that preventive services are used less often by people with lower HL . Thus, the reasons for and adequacy of health service use needs to be further explored.
CONCLUSIONS
This study suggests that different types of health services are relatively more often used by people with lower levels of HL. Health professionals, therefore, should be aware that their patients are likely to have difficulties understanding and processing health-related information. Thus, interventions to strengthen HL should aim at improving health care literacy. They should also address individual patients and the circumstances related to the health care system, as well as the health professional's communication skills.
